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A Thin Film Transistor and A method for manufacturing thereof 



The present invention relates to a thin film transistor (hereafter TFT). In particular 
it relates to a manufacturing technology for improving the transistor characteristics of the 
TFT. 

The various apparatuses which use TFTs include an active matrix substrate of a 
liquid crystal display which is formed on a transparent substrate such as a glass plate, and 
the near central region is designated to be the screen display region 81 as shown in Fig. 12 
(A). In this screen display region 81, pixels are formed in blocks by data line 90 and 
scanning line 91 which are made of metal film, silicide film and conductive semiconductor 
film of aluminum, tantalum, molybdenum, titanium and tungsten. In each pixel, liquid 
crystal units 94 (liquid crystal cell) to which image signals are input through TFT 30 for 
pixel switching are formed. For data line 90, a data side driving circuit 60 with a shift 
register 84, a label shifter 85, a video line 87, and an analog switch 86 are formed. For the 
scanning line 91, a scanning side driving circuit 79 with a shift register 88 and the label 
shifter 89 are formed. In each pixel, a storage capacitor 40 is formed between the scanning 
line 91 and the capacity line 92 extending parallel to the scanning line 91, which storage 
capacitor 40 possesses a function to raise maintenance characteristics of the electric charge 
at the crystal unit 94. Sometimes, the storage capacitor 40 may be formed between the 
aforementioned scanning line 91 and the pixel electrode. 

A CMOS circuit is formed by an N-type TFT 10 and a P-type TFT 20 in the data- 
side and the scanning-side circuits 60 and 70 as described in Fig. 12 (B). Such CMOS 
circuit forms an inverter circuit having more than one step in the driving circuits 60 and 70. 

Hence, three types of TFT consisting of an N-type TFT 10 for a driving circuit, a P- 
type TFT 20 for a driving circuit and an N-type TFT 30 for pixel switching on the surface 
side of the substrate in the active matrix substrate 200. However, the basic structure is 
common to these TFTs 10, 20 and 30. Hence, to avoid redundancy of description, only the 
structure and the production method of the N-type TFT for a driving circuit will be 
described using figures 13, 14, 15 and 16. 

On the active matrix substrate 200, a bottom layer protection film 51 made of silicon 
oxide film is formed on the surface side of the substrate 50, and a polycrystal semiconductor 
film 100 is formed in island-like pattern on the surface of the bottom layer protection film 
51. A gate insulation film 12 is formed on the surface of the semiconductor film 100 and a 
gate electrode 14 is formed on the surface of the gate insulation film 12. The channel 
region 15 is formed, through the gate insulation film 12, in the area of the gate electrode 14 
towering in the semiconductor film 100. A highly concentrated source region 16 and a 
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highly concentrated drain region 17 are formed on both sides of the channel region 15 being 
self-aligned with respect to the gate electrode 14. A source electrode 41 and a drain 
electrode 42 are electrically connected respectively to the highly concentrated source region 
16 and the highly concentrated drain region 17 through the contact holes of the inter-layer 
insulation film 52. 

In order to produce the TFT 10 with above structure, first, a substrate 50 made of 
glass, etc. which is cleansed by super sound wave cleansing is prepared in Fig. 14 (A). 

Next, as described in Fig. 14 (B), a bottom layer protection film 51 is formed 
covering entire surface of the substrate 50 under temperature conditions of about 150 °C to 
450 °C substrate temperature. 

Next, as described in Fig. 14 (C), a semiconductor film 100 is formed on the surface 
of the bottom layer protection film 51, during which time, heat deformation of the glass 
substrate 50 is prevented by applying a low temperature process. The low temperature 
process is a process in which the maximum temperature of the process (the maximum 
temperature to which the entire substrate reaches simultaneously) is below about 600 °C 
(preferably below about 500 °C). On the other hand, a high temperature process is a 
process in which the maximum temperature of the process (the maximum temperature to 
which the entire substrate reaches simultaneously) is more than about 600 °C. Film 
formation under high temperature or heat oxidation of silicon is a high temperature process 
of 700 °Cto 1200 °C. 

However, during a low temperature process, formation of polycrystal semiconductor 
film directly on the substrate is impossible, hence, first non-crystal semiconductor film 100 
is formed using a plasma CVD method or low pressure CVD method, and then the 
semiconductor film 100 is crystallized as described below. The SPC method (Solid Phase 
Crystallization) or RTF method (Rapid Thermal Annealing) may be considered as a method 
of crystallization to be used here. However, with the application of laser annealing (ELA: 
Excimer Laser Annealing/crystallization process) in which XeCl excimer laser beam is 
irradiated, as described in Fig. 14 (D), a rise in the substrate temperature is prevented and 
polycrystal Si with large granule diameter is obtained. 

In this crystallization process, a laser beam (excimer laser) from the laser beam 
source 320 is irradiated, through the optical system 325, towards the substrate 50 being 
mounted on the stage 310 as described in Fig. 15, for example. During this process, the 
line beam L0 with the irradiation region L being longer in X-direction (for example, the line 
beam with laser pulse repeat frequency of 200Hz) is irradiated on the semiconductor film 
100, and the irradiation region L is shifted in Y-direction. Here, the beam length of the line 
beam L0 is 400 mm with an output intensity being 300 mJ/cm 2 , for example. Moreover, in 
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shifting the irradiation region L of the laser beam, the line beam is scanned in such a 
manner that the section equivalent to 90% of the peak value of the laser intensity in the 
width direction overlaps for each region. As a result, non-crystal semiconductor film 100 
fuses once and is polycrystallized after a cooling solidification process. During this 
process, because the irradiation time of the laser beam on each region is very short and 
because the irradiation region is local compared to the entire substrate, simultaneous heating 
of the entire substrate 50 with high temperature does not occur. For this reason, heat 
deformation or cracks are prevented for the glass substrate being used as the substrate 50, 
though the glass substrate is inferior to the quarzt substrate in heat resistance. 

Next, island-like patterning is performed on the polycrystal semiconductor film 100 
using a photo lithography technique, as described in Fig. 14(E). 

Then, a gate insulation film 12 made of silicon oxide film is formed with respect to 
the surface side of the semiconductor 100, as described in Fig. 16(A). 

Next, a conductive film 140 containing aluminum, tantalum, molybdenum, titanium 
and tungsten is formed by a sputter method as described in Fig. 16(B). 

Then a gate electrode 14 is formed by patterning the conductive film 140, as 
described in Fig. 16 (D), after forming a resist mask 301 on the surface of the conductive 
film 140 as described in Fig. 16 (C). 

Next, phosphate ions with dosage of about 10 15 cm" 2 , for example, are knocked-in 
with respect to semiconductor film 100 using the gate electrode 14 as a mask. As a result, 
the highly concentrated source region 16 and drain region 17 with an impurity concentration 
of about 10 20 cm" 3 are formed on the semiconductor film 100 being self-aligned with respect 
to the gate electrode 14. The section of the semiconductor film 100 where impurities are 
not introduced becomes the channel region 15. 

Next, annealing is performed for activation after the formation of the inter-layer 
insulation film 52, as described in Fig. 13. Then, the source electrode 41 and the drain 
electrode 42 are formed after formation of contact holes in the inter-layer insulation film 52. 

In the N-type TFT with aforementioned structure, a positive drain voltage is applied 
on the drain electrode 42 and a positive gate voltage is applied on the gate electrode 14 for 
the electric potential of the source electrode 16, as described in Fig. 17 (A). As a result, 
negative electric charges are concentrated on the interface between the channel region 15 
and the gate insulation film 12, and the N-type channel 151 (reverse layer) is formed. If the 
drain voltage is sufficiently smaller than the gate voltage during this process, due to a 
connection of the source region 16 to the drain region 17 at the channel 151, the drain 
current increases rapidly (non-saturation region) with the rise of the drain voltage as shown 
by real line L0 in the transistor characteristics (current-voltage characteristics) in Fig. 18. 
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On Hie other hand, as the drain voltage rises nearly to the gate voltage, the electron 
density being induced becomes small and pinch-off phenomena occurs in the vicinity of the 
drain region 17, as described in Fig. 17(B). In this state, even if the drain voltage is further 
increased, the drain current does not increase but reaches a nearly constant state (saturation 
region) as described by the real line L0 in Fig. 18. The value of the current at this time is 
called a saturation current. For this reason, if the TFT 10 is driven using this saturation 
current, a constant drain current is obtained and the destruction of the TFT 10 itself and the 
circuit in the vicinity due to excess current may be prevented. 

As described above, the transistor characteristics, basically, are controlled only by 
the behavior of multiple carriers (electrons in the case of the N-type and holes in the case of 
the P-type). However, if the drain voltage rises, a phenomena occurs in which 
aforementioned drain current, which is supposed to be constant, rises abnormally high (kink 
effect), with a possibility of the occurrence of bipolar action in some cases. 

Of these phenomena, the kink effect causes the following problems. First, if the 
drain voltage increases in the TFT and the electric field between source region and drain 
region becomes stronger, the carriers are accelerated by this electric field and begin to 
possess large energy. The carriers are accelerated in the direction from the source region 
16 to the drain region 17, possessing the maximum energy in the vicinity of the drain region 
17. The carriers with large energy (hot carriers) collide with atoms composing the 
semiconductor film or impure atoms, and generate a pair of an electron and a hole. The 
hole being generated increases the voltage of the channel region 15 and lowers the threshold 
voltage, causing an increase in the current between source region and drain region. As a 
result, in a TFT of the prior art, the drain current increases rapidly with the rise of the drain 
voltage as described by the broken line in Fig. 18, which may cause destruction of the TFT 
itself or of circuits in the vicinity. Moreover, such phenomena becomes more frequent with 
an increase in the level of on-current of the TFT 10 through an increase in the 
crystallization level of the semiconductor 100, hence in the TFT 10 of the prior art the 
reUability tends to drop as the on-current level increases. 

Moreover, the bipolar action causes the following problem. First, when the barrier 
between the channel and the source region becomes large with a further increase in the 
voltage of the channel region 15, the current flows from the channel region 15 to the source 
region, triggering a flow of an even larger current between the source region and the drain 
region. Hence, in such phenomena the channel region 15 may be considered as a base, the 
source region 16 as an emitter and the drain region 17 as a collector respectively. In other 
words, the current caused by the hole flowing from the channel region 15 to the source 
region 16 may be considered as base current, while the current flowing between the source 
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region 16 and the drain region 17 may be considered collector current corresponding to the 
current flowing from the channel region 15 to the source region 16. 

In short, the aim of the present invention is to provide a TFT and its production 
method with stable saturation current and improved reliability by improving the film quality 
of the channel region. 

In order to resolve aforementioned problems, a thin film transistor of the present 
invention is of the type wherein channel regions which tower through the gate insulation 
film in the gate electrode and source drain regions connected to said channel regions are 
formed against a semiconductor film being formed on the surface of an insulation substrate, 
and recombination centers which capture carriers are formed in said channel regions by part 
of crystal semiconductor films with relatively low degree of crystallization among crystal 
semiconductor films forming said channel regions. 

In the TFT of the present invention, the channel region 15 towering over the gate 
electrode 14 through the gate insulation film 12 and the source region 16 and the drain 
region 17 connecting the channel region 15 are formed from the semiconductor film 100 
which is formed on the surface of the insulation substrate 50, and the recombination center 
150 which captures small-number carriers using a section with a relatively low degree of 
crystallization, is formed in the channel region 15, as described in the basic 
conceptualization of Fig. 17 (D). In such a TFT (an N-type TFT, for example), even if a 
pair of a hole and an electron is generated by the hot carrier with an increase in drain 
voltage, the hole and electron are recombined and captured at the recombination center 150 
formed in the channel 15. For this reason, the electric potential of the channel region 15 
does not increase and the threshold voltage does not drop. Moreover, the hole density of 
the channel region 15 does not increase as much as placing of holes into the source region 
16, hence the placing of the electrons from the source region 16 into the channel region 15 
caused by the placing of the holes do not occur. Hence, there is no change in saturation 
current. For this reason, in the TFT of the present invention the drain current does not 
increase substantially, even if the drain voltage changes in the saturation region as indicated 
by the dotted line L2 or the broken line 13 in Fig. 18. As a result, the destruction of the 
TFT itself and circuits in the vicinity thereof by excess current may be prevented and 
reliability may be improved. 

In the present invention, the recombination center is preferably concentrated in the 
vicinity of the drain region within the aforementioned channel region. In fact, the 
recombination center is preferably concentrated in the region whose distance from the drain 
region is suited to about 1/3 to 1/10 of the channel length within said channel region. 

In the present invention, the region where said recombination center is concentrated 
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may be formed as a section in which the film thickness is different from other regions 
among the channel regions. 

In the present invention, the region where said recombination center is concentrated 
may be formed as a section in which the position of the surface height is different from 
other regions among the channel regions. 

In the present invention, in order to form the region where said recombination center 
is concentrated as a section in which the position of the surface height is different from 
other regions among the channel regions, a structure in which the thickness of the 
semiconductor film foraiing said channel region is made to differ partially may be applied. 

Moreover, in fo rming the region where said recombination center is concentrated as 
a section in which the position of the surface height is different from other regions among 
the channel regions, an indentation section or bulged section may be formed beforehand in 
the lower layer of the semiconductor film forming said channel region. 

In the present invention, in the manufacturing method of the thin film transistor with 
the channel region towering over the gate electrode through the gate insulation film and the 
source region and the drain region connecting the channel region being formed for the 
semiconductor film which is formed on the surface of the insulation substrate, a section with 
a relatively low degree of crystallization is formed in a predetermined region of said 
semiconductor film by perfbnning laser annealing on said semiconductor film after fonning 
the semiconductor film for forming said channel region. 

In the present invention, a section with a relatively low degree of crystallization may 
be formed in a predetermined region of said semiconductor film by performing laser 
annealing on said semiconductor film after forming the semiconductor film with partially 
different film thickness as the semiconductor film for forming said channel region. 

In the present invention, a section with a relatively low degree of crystallization may 
be formed in a predetermined region of said semiconductor film by performing laser 
annealing on said semiconductor film after forming the semiconductor film with a different 
surface height as the semiconductor film for forming said channel region. 

In the present invention, a method in which the thickness of said semiconductor film 
may be partially changed may be used in order to form the aforementioned semiconductor 
film with a different surface height. 

In the present invention, an indentation section or a bulged section may be formed 
beforehand in the lower layer side of said semiconductor film in order to form the 
aforementioned semiconductor film with a different surface height. 

Embodiments of the present invention will now be described by way of further 
example only and with reference to the accompanying drawings, in which:- 
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Fig. 1 is a cross-section illustrating a typical TFT structure of embodiment 1 of the 
present invention. 

Fig. 2(A) - (E) are process cross-sections of the TFT production method shown in 

Fig. 1. 

Fig. 3(A) - (E) are cross-sections illustrating each process performed after the 
processes shown in Fig. 2 of the TFT production method in Fig. 1. 

Fig. 4 is a cross-section illustrating a typical TFT structure of embodiment 2 of the 
present invention. 

Fig. 5(A) - (F) are process cross-sections of the TFT production method shown in 

Fig. 4. 

Fig. 6(A) - (D) are cross-sections illustrating each process performed after processes 
shown in Fig. 5 of the TFT production method in Fig. 4. 

Fig. 7(A) - (D) are cross-sections illustrating a typical TFT structure and the 
production method of a modification of embodiment 2 in the present invention. 

Fig. 8 is a cross-section illustrating a typical TFT structure of embodiment 3 of the 
present invention. 

Fig. 9(A) - (F) are process cross-sections of the TFT production method shown in 

Fig. 8. 

Fig. 10(A) - (D) are cross-sections illustrating each process performed after 
processes shown in Fig. 9 of the TFT production method in Fig. 8. 

Fig. 1 1(A) - (D) are cross-sections illustrating a typical TFT structure and the 
production method of a modification of embodiment 3 in the present invention. 

Fig 12(A) is a block diagram of the active matrix substrate used in the liquid crystal 
display apparatus, and (B) is an equivalent value circuit diagram of the CMOS circuit which 
composes the driving circuit. 

Fig. 13 is a cross-section illustrating a typical TFT structure in the prior art. 

Fig. 14(A) - (E) are process cross-sections of the TFT production method in the 
prior art. 

Fig. 15 is a schematic structure diagram of a laser annealing apparatus used in laser 
annealing (crystallization process). 

Fig. 16(A) - (E) are cross-sections illustrating each process performed after 
processes shown in Fig. 14 of the TFT production method in Fig. 13. 

Fig. 17(A) - (D) are illustrations describing operation of a TFT. 

Fig. 18 is a graph describing results of a simulation of the transistor characteristics 
of a TFT to which present invention is applied, a TFT of the prior art and a model TFT. 

Next, embodiments of the present invention will be described with reference to the 
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drawings. In each embodiment to be described below, a TFT is formed for use in pixel 
switching or in the driving circuit in an active matrix substrate for use in a liquid crystal 
display apparatus. Hence, as described in the prior art, three types of TFT consisting of the 
N-type TFT for use in the driving circuit, the P-type TFT for use in the driving circuit and 
the N-type TFT for use in the pixel switching should have been formed on the same 
substrate. However, these TFTs have a common basic structure. Moreover, TFTs for 
which the present invention is applied should have a common basic structure with the TFTs 
of the prior art. Hence, in order to avoid redundancy, the elements which are common to 
the TFTs in the prior art and to the production method are identified with the same symbols, 
and only the structure and the production method of the N-type TFT for use in the driving 
circuit will be described in the following explanation. { 
Embodiment 1 

Fig. 1 is a cross-section illustrating a typical structure of a TFT in embodiment 1 of 
the present invention. 

In the present embodiment, a bottom layer protection film 51 made of silicon oxide 
film is formed on the surface side of the substrate 50, and an N-type TFT 10 is formed on 
the surface of the bottom layer protection film 51 , as described in Fig. 1 . The 
semiconductor film 100 consisting of polycrystal silicon film with island-like pattern is 
formed on the surface of the bottom layer protection film 51 . A gate insulation film 12 
consisting of silicon oxide film or silicon nitride film is formed on the surface of the 
semiconductor film 100, and the gate electrode 14 is formed on the surface of the gate 
insulation film 12. A channel region 15 facing the gate electrode 14 through the gate 
insulation film 12 is formed in the semiconductor film 100. A highly concentrated source 
region 16 and drain region 17 which are self aligned with respect to the electrode 14 are 
formed on both sides of the channel region 15. The source electrode 41 and the drain 
electrode 42 are electrically connected to the source region 16 and the drain region 17 
respectively through contact holes in the inter-layer insulation film 52 consisting of a silicon 
oxide film. 

Here, the surface of the channel region 15, out of the entire semiconductor film 100, 
is partially indented and the indentation section 155 has a thinner film thickness than other 
sections in the channel region 15. 

The section corresponding to the indentation section 155 in the channel region 15 of 
the TFT 10 thus structured becomes the recombination center 150 which captures a small- 
number carrier, having a lower degree of crystallization and having more defects than other 
regions in the channel 15. In the present embodiment , the recombination center 150 is 
concentrated at the position closer to the drain region 17 in the channel region 15. In other 



WO 01/50538 



PCT/GB01/00007 



9 

words, the recombination center 150 is concentrated at the position whose distance from the 
drain region 17 is equivalent to 1/3 to 1/10 of the channel distance. 

The density of the recombination center 150 in the present embodiment is in the 
range of lxl0 13 cm" 3 to lxl0 20 cm" 3 , and the carrier capture cross section of the recombination 
center 150 is in the range of lxl0* 13 cm 2 to lxlO'^cm 2 . Such density and carrier capture 
cross section of the recombination center 150 may be controlled by how far the degree of 
crystallization is lowered in the production method, which will be explained later. 

Transistor characteristics (current-voltage characteristics) of TFT 10 thus structured 
will be described in reference to Fig. 1, Fig. 17 (D) and Fig. 18. Fig. 17 (D) provides an 
explanation of operation of a TFT to which the present invention is applied. Fig. 18 is a 
graph describing the result of simulating transistor characteristics of a TFT to which the 
present invention is applied, a TFT in the prior art, and a model TFT. 

In Fig. 18, the characteristics of a TFT, out of TFTs to which the present invention 
is applied, which is formed with the thickness of semiconductor 100 being 460 angstroms, 
the channel length of 8/im, the recombination center 150 being 2[im in length and being 
away from the drain region 17 by a distance of ljum are represented by dotted line L2 and 
broken line L3. The carrier capture cross section of charged recombination center 150 and 
the carrier capture cross section of neutral recombination center 150 of TFTs represented by 
dotted line L2 out of these two TFTs are respectively lxl0" 13 cm 2 and lxl0" 15 cm 2 . On the 
other hand, the carrier capture cross section of charged recombination center 150 and the 
carrier capture cross section of the neutral recombination center 150 of the TFT represented 
by broken line L3 out of these two TFTs are respectively lxl0" 12 cm 2 and lxl0 _14 cm 2 . The 
charged recombination center 150 here is the recombination center 150 which normally has 
negative electric charge and becomes neutral upon capturing a hole. On the other hand, the 
neutral recombination center 150 is normally neutral and changes to positive electric charge 
upon capturing a hole. Moreover, the density of the recombination center 150 of both TFTs 
represented by dotted line L2 and broken line L3 is set at lxlO I9 cm" 3 . 

The source region 16 and the drain region 17 of TFT 10 thus structured are 
connected at the channel when the drain voltage is sufficiently smaller than the gate voltage, 
hence, the drain current increases as the drain voltage increases (non-saturated region) as 
described by real line L2 and L3 in Fig. 18. 

Moreover, as the drain voltage increases sufficiently close to the gate voltage, a pair 
of a hole and an electron is generated by the hot carrier. The hole being generated 
recombines and is captured at the recombination center 150 as described in Fig. 17 (D). 
Thus, most of the holes being generated disappear in the channel region 15 and the electric 
potential of the source region 16 does not rise at the channel region 15. Hence, the 
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threshold voltage of the channel region 15 does not drop. Moreover, a phenomena in which 
electrons are placed from the source region 16 to the channel region 15 by holes being 
placed from the channel region 15 to the source region 16 does not occur. Hence, in TFT 
10 of the present embodiment , the kink effect in which drain current increases greatly and 
the occurrence of bipolar action in a saturated region may be controlled as described by 
dotted line L2 and broken line L3 in Fig. 18. Hence, even if the degree of crystallization of 
the semiconductor film 100 is raised to improve the on-current level, the TFT itself or 
circuits in vicinity will not be destroyed by excess current, resulting in an improvement of 
reliability. 

A method for manufacturing of TFT 10 thus structured will be described with 
reference to Fig, 1, Fig. 2 and Fig. 3. Both Fig. 2 and Fig. 3 are process cross-sections 
illustrating the method for nianufacrturing of the TFT of the present embodiment. 

In the present embodiment, a substrate 50 made of glass, etc. which is cleansed by 
ultrasonic cleaning, or such is first prepared as described in Fig. 2(A). 

Next, a bottom layer protection film 51 consisting of silicon oxide film of a 
thickness of 2000 to 5000 angstroms is formed by the plasm CVD method on the entire 
surface of the substrate 50 under substrate temperatures of about 150 °C to 450 °C. 
Mixtures of monosilane and laughing gas or TEOS (tetraetoxysilane) and oxygen may be 
used as the raw material gas in this case. 

Next, as described in Fig. 2(B), semiconductor film 100 is formed on the substrate 
50. In this case, heat deformation of substrate 50 which is made of glass is prevented using 
a low temperature process. In other words, the semiconductor film 100 consisting of non- 
crystal silicon film with thickness 300 to 700 angstroms is formed by the CVD method over 
the entire surface of the substrate 50 under a substrate temperature of about 150 °C to 450 
°C. Disilane or monosilane may be used as the raw gas in this case ( film formation 
process). Here, the reduced pressure CVD method, EB vaporization method or sputter 
method may be used instead of the plasm CVD method for forming the non-crystal 
semiconductor film 100 on the substrate 50 under a low temperature condition. 

Next, as described in Fig. 2(C), a resist mask 302 is formed on the surface of 
semiconductor film 100 using a photolithography technique. In this resist mask 302, an 
opening 303 is provided in the section corresponding to the indentation 155 which was 
described using Fig. 1. 

A light etching is performed on the surface of the semiconductor film 100 on which 
resist mask 302 is formed in a manner described above. The surface of the semiconductor 
film 100 at the section corresponding to the opening 303 of the resist mask 302 is removed 
by etching and an indentation 155 is formed on the surface of the semiconductor film 100. 



WO 01/50538 



PCT/GB01/00007 



11 

Next, laser annealing (crystallization process) is performed by irradiating a laser 
beam on the semiconductor film 100 as described in Fig. 2(D). This crystallization process 
is accomplished by irradiating a line beam L0 on the semiconductor film 100 and by shifting 
its irradiation region L towards Y-direction as described in reference to Fig. 15, for 
example. 

Here, the annealing conditions of the line beam L0 such as energy density, focus 
position, irradiation time and irradiation frequency are set in such a manner that optimum 
crystallization occurs in all the sections of the semiconductor 100 except for the indentation 
155. Hence, optimum crystallization occurs in all regions of the semiconductor film 100 
except for the indented region 155, but in the region corresponding to the indentation 155 
the laser annealing conditions are shifted from the optimum conditions. For this reason, the 
degree of crystallization is low in the section corresponding to the indentation 155. In the 
present embodiment, the recombination center 150 is formed utilizing the fact that the 
degree of crystallization is low and defects are concentrated in the indentation 155. 

After forming the recombination center 150 in this manner, an island-like pattern is 
made on the polycrystal semiconductor film 100 using a photolithography technique as 
described in Fig. 2 (E). 

Next, a gate insulation film 12 consisting of silicon oxide film of a width of 600 
angstroms to 1500 angstroms is formed on the surface side using raw gas of TEOS 
(tetraetoxynesilane) or oxygen gas by means of the plasma CVD method as described in 
Fig. 3 (A). 

Next, a conductive film 140 containing aluminum, tantalum, molybdenum, titanium, 
tungsten, etc., is formed by means of a sputter method as described in Fig. 3 (B). 

Then, the gate electrode 14 is formed by patterning the conductive film 140 after 
forming the resist mask 301 on the surface of the conductive film 140 as described in Fig. 3 
(D). 

Next, phosphate ions with a dosage of about lxl0 15 cm" 2 is placed into the 
semiconductor film 100 using the gate electrode 14 as a mask as described in Fig. 3 (E). 
As a result, the highly concentrated source region 16 and the drain region 17 with an 
impurity concentration of about 10 20 cm" 3 are formed in the semiconductor film 100 in such a 
manner that they are self-aligned with respect to the gate electrode 14. Here, the section to 
which impurity is not introduced out of entire region of the semiconductor film 100 
becomes the channel region 15. 

Next, annealing for activation is performed under a temperature condition of below 
400° C or below 300° C preferably, after formation of the inter-layer insulation film on the 
surface side of the gate electrode 14, as described in Fig. 1. Then, the source electrode 41 
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and the drain electrode 42 are formed after formation of contact holes in the inter-layer 
insulation film 52. As a result, TFT 10 is formed. 

In this manner, the method for manufacturing of TFT 10 in the present embodiment 
enables the formation of the recombination center 150 with a low degree of crystallization 
for the predetermined region of the semiconductor film 100 by performing laser annealing 
under the conditions in which the surface of the semiconductor film 100 is partially indented 
and a section with partially different film thickness is formed. Hence, production of TFT 
10 having the recombination center 150 in the predetermined region of the channel 15 is 
enabled using the same processes as the methods for manufacturing of prior art after the 
previous step. 

Moreover, in the present embodiment , once laser annealing which combines the 
crystallization process for the semiconductor film 100 and the formation of the 
recombination center for forming the channel region 15 is performed, the semiconductor 
film 100 will not be exposed to a high temperature environment, for example a temperature 
higher than 400 °C (preferably 300 °C). Hence, in the semiconductor film 100 (channel 
region 15), the section being formed as the recombination center 150 may not be 
crystallized due to subsequent heat treatment or defects of the recombination center 150 may 
not be repaired. 

Embodiment 2 

Fig. 4 is a cross-section illustrating a typical structure of TFT in embodiment 2 of 
the present invention. 

In the present embodiment also, a bottom layer protection film 51 made of silicon 
oxide film is formed on the surface side of the substrate 50, and an N-type TFT 10 is 
formed on the surface of the bottom layer protection film 51, as described in Fig.4. 
Semiconductor film 100 consisting of polycrystal silicon film with an island-like pattern is 
formed on the surface of the bottom layer protection film 51. A gate insulation film 12 
consisting of the silicon oxide film or silicon nitride film is formed on the surface of the 
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out of the surface of the semiconductor film 100. The bulged section 156 is a reflection of 
the bulged section 501 being formed on the side of the substrate 50 to the surface of the 
semiconductor film 100. Hence, in the present embodiment, the film thickness of the 
semiconductor film 100 is uniform in spite of the formation of the bulged section 156 on the 
surface of the semiconductor film 100. 

The section corresponding to the bulged section 156 in the channel region 15 of the 
TFT 10 thus structured becomes the recombination center 150 which captures the small- 
number carrier, having a lower degree of crystallization than other regions in the channel 
15. In the present embodiment, the recombination center 150 is concentrated at a position 
closer to the drain region 17 in the channel region 15. In other words, the recombination 
center 150 is concentrated at the position whose distance from the drain region 17 is 
equivalent to 1/3 to 1/10 of the channel distance. 

The density of the recombination center 150 in the present embodiment is in the 
range of lxl0 13 cm" 3 to lxl0 20 cm" 3 , and the carrier capture cross section of the recombination 
center 150 is in the range of lxl0" u cm 2 to lxlO^cm 2 . Such density and carrier capture 
cross section of the recombination center 150 may be controlled by how far the degree of 
crystallization is lowered in the production method, which will be explained later. 

Moreover, even in TFT 10 thus structured, as the drain voltage increases sufficiently 
close to the gate voltage, a pair of a hole and an electron is generated by the hot carrier. 
The hole being generated in the present embodiment recombines and is captured at the 
recombination center 150. Thus, most of the holes being generated disappear in the channel 
region 15 and the electric potential the channel region 15 does not rise. Hence, the 
threshold voltage does not drop. Moreover, a phenomena in which electrons are placed 
from the source region 16 to the channel region 15 by holes being placed from the channel 
region 15 to the source region 16 does not occur because the channel region 15 does not 
reach an electric potential strong enough to place holes in the source region 16. Hence, in 
TFT 10 of the present embodiment, a kink effect in which drain current increases greatly 
and the occurrence of bipolar action in a saturated region may be controlled as described by 
dotted line L2 and broken line L3 in Fig. 18. Hence, even if a degree of crystallization of 
semiconductor film 100 is raised to improve the on-current level, the TFT itself or circuits 
in the vicinity thereof will not be destroyed by excess current, resulting in an improvement 
in reliability. 

A method for manufacturing of TFT 10 thus structured will be described in 
reference to Fig, 4, Fig. 5 and Fig. 6. Both Fig. 5 and Fig. 6 are process cross-sections 
illustrating the method for manufacturing of TFT of the present embodiment. 

In the present embodiment, a substrate 50 made of glass, and such which is cleansed 
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by ultrasonic cleaning, etc. is first prepared as described in Fig. 5(A). 

Next, a photo resist mask 304 is formed on the surface of the substrate 50 using a 
photolithography technique. The photo resist mask 304 covers the section equivalent to the 
bulged section 501 which was explained in reference to Fig. 4. 

Next, light etching is performed on the surface of the substrate 50 with a condition 
in which the photo resist mask 304 is formed, after which the photo resist mask 304 is 
removed. The amount of etching at this time is to be 200 angstroms to 2,000 angstroms. 

As a result, the entire surface of the substrate 50 except for the section being 
covered by the photo resist mask 304 is etched, and the section being covered by the photo 
resist mask 304 becomes a bulged section 501 as described in Fig. 5(B). 

Next, a bottom layer protection film 51 consisting of silicon oxide film of a 
thickness of 2000 angstroms to 5000 angstroms is formed over the entire surface of the 
substrate 50 under a substrate temperature condition of about 150 °C to about 450 °C using 
the plasma CVD memod as shown in Fig. 5(C). The bulged section 501 on the surface of 
the substrate 50 is reflected as the bulged section 511 on the surface of the bottom layer film 
51. 

Next, the semiconductor film 100 is formed on the substrate 50. As a result, the 
bulged section 501 of the substrate 50 is reflected on the surface of the semiconductor film 
100 and the bulged section 156 is formed as described in Fig. 5(D). At this time, a low 
temperature process is used to prevent heat deformation of the glass substrate 50. In short, 
the semiconductor film 100 consisting of a non-crystal silicon film of thickness between 300 
angstroms to 700 angstroms is formed on the entire surface of the substrate 50 under the 
substrate temperature condition of about 150 °C to about 450 °C using the plasma CVD 
method. 

Next, laser annealing (crystallization process) is performed by irradiating a laser 
beam on the semiconductor film 100 as shown in Fig. 5(E). This crystallization process is 
accomplished by an irradiating line beam L0 on the semiconductor film 100 and by shifting 
its irradiation region L towards the Y-direction as described in reference to Fig. 15, for 
example. 

Here, the energy density, focus position, irradiation time and irradiation frequency 
of the line beam L0 are set in such a manner that optimum crystallization occurs in all the 
sections of the semiconductor 100 except for the bulged section 156. Hence, such 
crystallization occurs, but in the bulged region 156 the laser annealing conditions are shifted 
from the optimum conditions by the amount of difference in height of the surface from the 
neighborhood. For this reason, the degree of crystallization is low in the section 
corresponding to the bulged section 156. In the present embodiment, the recombination 
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center 150 is formed utilizing the fact that the degree of crystallization is low and defects 
are concentrated in the bulged section 156. 

After forming the recombination center 150 in this manner, an island-like pattern is 
made on the polycrystal semiconductor film 100 using a photolithography technique as 
described in Pig. 5 (F). 

Next, a gate insulation film 12 consisting of silicon oxide film of a width of 600 
angstroms to 1500 angstroms is formed on the surface side using raw gas of TEOS 
(tetraetoxynesilane) or oxygen gas by means of a plasma CVD method as described in Fig. 
6(A). 

Next, a conductive film 140 containing aluminum, tantalum, molybdenum, titanium, 
tungsten, and the like is formed by means of a sputter method as described in Fig. 6 (B). 

Then, the gate electrode 14 is formed by patterning the conductive film 140 after 
forming the resist mask 301 on the surface of the conductive film 140 as described in Fig. 6 
(Q. 

Next, phosphate ions with a dosage of about lxl0 15 cm" 2 are placed into the 
semiconductor film 100 using the gate electrode 14 as a mask. As a result, the highly 
concentrated source region 16 and the drain region 17 with an impurity concentration of 
about 10 20 cm' 3 are formed in me semiconductor film 100 in such a manner that they are self- 
aligned with respect to the gate electrode 14. Here, the section to which impurites are not 
introduced out of entire region of the semiconductor film 100 becomes the channel region 
15. 

Next, annealing for activation is performed under temperature conditions of below 
400 °C or preferably below 300 °C, after there is formation of the inter-layer insulation 
film on the surface side of the gate electrode 14, as described in Fig. 4. Then, the source 
electrode 41 and the drain electrode 42 are formed after formation of contact holes in the 
inter-layer insulation film 52. As a result, TFT 10 is formed. 

In this manner, the method for manufacturing of TFT 10 in the present embodiment 
enables the formation of the recombination center 150 with a low degree of crystallization 
for the predetermined region of the semiconductor film 100 by performing laser annealing 
under the conditions in which the surface of the semiconductor film 100 is partially bulged 
and a section with a partially different film thickness is formed. Hence, production of TFT 
10 having the recombination center 150 in the predetermined region of the channel 15 is 
enabled using the same processes as with the methods for manufacturing of the prior art 
after the previous step. 

Moreover, in the present embodiment, once laser annealing which combines the 
crystallization process for the semiconductor film 100 and the formation of recombination 
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center for forming the channel region 15 is performed, the semiconductor film 100 will not 
be exposed to a nigh temperature environment, for example, a temperature higher than 400 
°C (preferably 300 °C). Hence, in the semiconductor film 100 (channel region 15), the 
section being formed as the recombination center 150 may not be crystallized due to 
subsequent heat treatment or defects of the recombination center 150 may not be repaired. 
Modification of Embodiment 2 

Here, a bottom layer protection film may be made to have double layer structure, the 
lower layer of which may have a structure having a partially remaining bottom layer 
protection film as a method to form a bulged section 156 on the surface of the 
semiconductor film 100 using the bulged section being formed on the lower layer side of the 
semiconductor film 100, which will be explained below. In short, after forming the bottom 
layer protection film 58 on the side of the lower layer of the surface of the substrate 50 as 
shown in Fig. 7 (A), patterning is performed on the lower layer side bottom layer protection 
film 58, leaving only part of the lower layer side bottom layer protection film 58 as shown 
in Fig. 7(B), and the bulged section 501 may be formed on the side of the substrate 50. 
Hence, if the same process as in the aforementioned method is performed subsequently such 
as forming a bottom layer protection film 51 on the side of the upper layer as described in 
Fig. 7(C), followed by forming the semiconductor film 100 as described in Fig. 7(D), TFT 
100 may be formed using a semiconductor film 100 having the bulged section 156 on the 
surface. Here, other structures are the same as the embodiment 2, hence the parts in Fig. 
7(D) corresponding to the parts in embodiment 2 will be identified with the same symbol 
and the explanation of these parts will be omitted. 

Embodiment 3 

Fig. 8 is a cross-section illustrating a typical structure of TFT in embodiment 3 of 
the present invention. 

Also in the present embodiment, a bottom layer protection film 51 made of silicon 
oxide film is formed on the surface side of the substrate 50, and an N-type TFT 10 is 
formed on the surface of the bottom layer protection film 51, as described in Fig. 8. 
Semiconductor film 100 consisting of polycrystal silicon film with an island-like pattern is 
formed on the surface of the bottom layer protection film 51 . A gate insulation film 12 
consisting of silicon oxide film or silicon nitride film is formed on the surface of the 
semiconductor film 100, and the gate electrode 14 is formed on the surface of the gate 
insulation film 12. A channel region 15 facing the gate electrode 14 through the gate 
insulation film 12 is formed in the semiconductor film 100. A highly concentrated source 
region 16 and drain region 17 which are self aligned with respect to the electrode 14 are 
formed on the sides of the channel region 15. The source electrode 41 and the drain 
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electrode 42 are electrically connected to the source region 16 and the drain region 17 
respectively through contact holes in the inter-layer insulation film 52 consisting of a silicon 
oxide film. 

Here, a partially indented section 157 is formed on the surface of the channel region 
15 out of the entire surface of the semiconductor film 100. The indented section 157 is a 
reflection of the indented section 502 being formed on the side of the substrate 50 to the 
surface of the semiconductor film 100. Hence, in the present embodiment, the film 
thickness of the semiconductor film 100 is uniform in spite of the formation of the indented 
section 157 on the surface of the semiconductor film 100. 

The section corresponding to the indented section 157 in the channel region 15 of the 
TFT 10 thus structured becomes the recombination center 150 which captures a small- 
number carrier, having a lower degree of crystallization than other regions in the channel 
15. In the present embodiment, the recombination center 150 is concentrated at the position 
closer to the drain region 17 in the channel region 15. In other words, the recombination 
center 150 is concentrated at the position whose distance from the drain region 17 is 
equivalent to 1/3 to 1/10 of the channel distance. 

The density of the recombination center 150 in the present embodiment also is in the 
range of lxl0 13 cm" 3 to lxlO^cm" 3 , and the carrier capture cross section of the recombination 
center 150 is in the range of lxl0' 13 cm 2 to lxlO'^cm 2 . Such density and carrier capture 
cross section of the recombination center 150 may be controlled by how far the degree of 
crystallization is lowered in the production method, which will be explained later. 

Moreover, even in TFT 10 thus structured, as the drain voltage increases sufficiently 
close to the gate voltage, a pair of a hole and an electron is generated by the hot carrier. 
The hole being generated in the present embodiment recombines and is captured at the 
recombination center 150. Thus, most of the holes being generated disappear in the channel 
region 15 and the electric potential of the channel region 15 does not rise. Hence, in TFT 
10 of the present embodiment , the kink effect in which drain current increases greatly and 
occurrence of bipolar action in the saturated region may be controlled as described by dotted 
line L2 and broken line L3 in Fig. 18. Hence, even if the degree of crystallization of 
semiconductor film 100 is raised to improve the on-current level, the TFT itself or circuits 
in the vicinity thereof will not be destroyed by excess current, resulting in an improvement 
in reliability. 

A method for manufacturing of a TFT 10 thus structured will be described with 
reference to Fig. 8, Fig. 9 and Fig. 10. Both Fig. 9 and Fig. 10 are process cross-sections 
illustrating the method for manufacturing of the TFT of the present embodiment. 

In the present embodiment, a substrate 50 made of glass, and the like which is 



WO 01/50538 



PCT/GB01/00007 



18 

cleansed by ultrasonic cleaning, or such is first prepared as described in Fig. 9(A). 

Next, photo resist mask 306 is formed on the surface of the substrate 50 using a 
photolithography technique. The photo resist mask 306 has an opening 307 equivalent to 
the indented section 502 which was explained with reference to Fig. 8. 

Next, light etching is performed on the surface of the substrate 50 with a condition 
in which the photo resist mask 306 is formed, after which the photo resist mask 306 is 
removed. The amount of etching at this time is to be 200 angstroms to 2,000 angstroms. 

As a result, the indented section 502 is formed on the surface of the substrate 50 as 
shown in Fig. 9(B). 

Next, a bottom layer protection film 51 consisting of a silicon oxide film of a 
thickness of 2000 angstroms to 5000 angstroms is formed over the entire surface of the 
substrate 50 under a substrate temperature condition of about 150 °C to about 450 °C using 
the plasma CVD method as shown in Fig. 9(C). The indented section 502 on the surface of 
the substrate 50 is reflected and the indented section 512 is formed on the surface of the 
bottom layer film 51. 

Next, the semiconductor film 100 is formed on the substrate 50. As a result, the 
indented section 502 of the substrate 50 is reflected on the surface of the semiconductor film 
100 and the indented section 157 is formed as shown in Fig. 9(D). At this time, a low 
temperature process is used to prevent heat deformation of the glass substrate 50. In short, 
the semiconductor film 100 consisting of a non-crystal silicon film of a thickness between 
300 angstroms to 700 angstroms is formed on the entire surface of the substrate 50 under 
the substrate temperature condition of about 150° C to about 450° C using the plasma CVD 
method. 

Next, laser annealing (crystallization process) is performed by irradiating a laser 
beam on the semiconductor film 100 as described in Fig. 9(E). This crystallization process 
is accomplished by irradiating a line beam L0 on the semiconductor film 100 and by shifting 
its irradiation region L towards Y-direction as described in reference to Fig. 15, for 
example. 

Here, the energy density, focus position, irradiation time and irradiation frequency 
of the line beam L0 are set in such a manner that optimum crystallization occurs in all the 
sections of the semiconductor 100 except for the indented section 157. Hence, such 
crystallization occurs, but in the indented region 157 the laser annealing conditions are 
shifted from the optimum conditions, and the degree of crystallization is low. In the present 
embodiment, the recombination center 150 is formed utilizing the fact that the degree of 
crystallization is low and defects are concentrated in the indented section 157. 

After forming the recombination center 150 in this manner, an island-like pattern is 
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made on the polycrystal semiconductor film 100 using a photolithography technique as 
described in Fig. 9 (F). 

Next, a gate insulation film 12 consisting of silicon oxide film of a width of 600 
angstroms to 1500 angstroms is formed on the surface side using raw gas of TEOS 
(tetraetoxynesilane) or oxygen gas by means of plasma CVD method as shown in Fig. 10 

(A) . 

Next, a conductive film 140 containing aluminum, tantalum, molybdenum, titanium, 
tungsten, etc. , is formed by means of the sputter method also as shown in Fig. 10 (A). 

Then, the gate electrode 14 is formed by patterning the conductive film 140 after 
forming the resist mask 301 on the surface of the conductive film 140 as shown in Figs. 10 

(B) and (C). 

Next, phosphate ions with a dosage of about lxlO I5 cm" 2 are placed into the 
semiconductor film 100 using the gate electrode 14 as a mask. As a result, the highly 
concentrated source region 16 and the drain region 17 with an impurity concentration of 
about lO^cm" 3 are formed in the semiconductor film 100 in such a manner that they are self- 
aligned with respect to the gate electrode 14. Here, the section to which impurities are not 
introduced out of entire region of the semiconductor film 100 becomes the channel region 
15. 

Next, annealing for activation is performed under temperature conditions of below 
400 °C or preferably below 300 °C, after formation of the inter-layer insulation film on the 
surface side of the gate electrode 14, as described in Fig. 4. Then, the source electrode 41 
and the drain electrode 42 are formed after formation of contact holes in the inter-layer 
insulation film 52. As a result, a TFT 10 is formed. 

In this manner, the method for manufacturing of TFT 10 in the present embodiment 
enables the formation of a recombination center 150 with a low degree of crystallization for 
the predetermined region of the semiconductor film 100 by perforrmng laser annealing 
under the conditions in which the surface of the semiconductor film 100 is partially indented 
as the indented section 157. Hence, production of TFT 10 having the recombination center 
150 in the predetermined region of the channel 15 is enabled using the same process as 
production methods of the prior art after the previous step. 

Moreover, in the present embodiment, once laser annealing which combines the 
crystallization process for the semiconductor film 100 and formation of the recombination 
center for forming the channel region 15 is performed, the semiconductor film 100 will not 
be exposed to a high temperature environment, for example, a temperature higher than 400 
°C (preferably 300 °C). Hence, in the semiconductor film 100 (channel region 15), the 
section being formed as the recombination center 150 may not be crystallized due to 
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subsequent heat treatment or defects of the recombination center 150 may not be repaired. 
Modification of Embodiment 3 

Here, a bottom layer protection film may be made to have a double layer structure, 
and a hole formed on the lower layer of the bottom layer protection film may be used as a 
method to form an indented section 157 on the surface of the semiconductor film 100 using 
a hole being formed on the lower layer side of the semiconductor film 100, which will be 
explained below. In short, after forming the bottom layer protection film 58 on the side of 
lower layer of the surface of the substrate 50 as shown in Fig. 11 (A), patterning is 
performed to form a hole 580 on the protection film 58 as shown in Fig. 11(B). Using the 
hole 580, the indented section 502 is formed on the side of the substrate 50. Hence, if the 
same process as in the aforementioned method is performed subsequently such as forming a 
bottom layer protection film 51 on the side of the upper layer as shown in Fig. 11(C), 
followed by forming the semiconductor film 100 as shown in Fig. 11(D), a TFT 100 may 
be formed using the semiconductor film 100 having the indented section 157 on the surface. 
Here, other structures are same as embodiment 3, hence the parts in Fig. 11(D) 
corresponding to the parts in the embodiment 3 will be identified with the same symbol and 
the explanation of these parts will be omitted. 

Other Embodiments 

In each of aforementioned embodiments, an example in which the present invention 
is applied to a top-gate type TFT is explained, but the present invention may be applied to a 
bottom-gate type TFT. 

Efficacy of the Invention 

In the present invention, even if a hole and an electron are generated by hot carriers 
due to increase in drain voltage in an N-type TFT, the hole and an electron are recombined 
at the recombination center formed in the channel region, hence, the electric potential in the 
channel region does not increase, as explained before. Hence, the threshold voltage does 
not change. Moreover, holes are never placed from the channel region to the source 
region, hence, the placement of electrons from the source range to the drain range caused 
by the placement of such holes do not occur. For this reason, an increase in the drain 
current (saturation current) with an increase of drain voltage may be controlled in the 
saturation region. Hence, even if the on-current characteristics is improved by increasing 
the degree of the crystallization of the semiconductor film, destruction of the TFT itself and 
circuits in the vicinity thereof is avoided, resulting in increased reliability. 



